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(57) Abstract: Food grade Inkjet inks which include food grade pigments, food grade lower alcohols, 1,2-propanediol, and shellacs 
are provided. Also provided are methods for making the Inkjet inks and edible substrates having the food grade ink jet inks applied 
to a surface thereof. In some embodiments, the food grade ink jet inks contain at least about 20 wt.% propanediol- 
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FOOD GRADE INK JET INKS FOR 
PRINTING ON EDIBLE SUBSTRATES 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority to United States provisional patent application serial ao. 
60/570,436, filed May 12, 2004. The entire disclosure of which is incorporated herein by 
reference and for all purposes. 

BACKGROUND 

[0002] Inkjet printing is a printing application with the potential for wide use in decorating the 
surfaces of food items. However, in order to be suitable for use on foods, ink formulations 
should be food grade formulations, should be compatible with the food surfaces onto which they 
will be applied, and should have properties (e.g., viscosities, surface tensions, smear resistance, 
solubilities, drying times) that make them suitable for use with Inkjet printers. Few presently 
available inks meet all of these limitations. For example, many ink jet ink f ormulaitions include 
compounds that cause deleterious health effects when ingested by humans. Other ink 
formulations have high water contents, resulting in viscosities that are too low to permit the inks 
to be successfully jetted onto an edible surface. Still other ink jet ink formulations are incapable 
of being printed directly onto a food substrate without smearing or image bleed. This is 
particularly true for nonporous food substrates. One solution that has been used to deal with this 
latter problem is to print a decoration onto an edible paper, such as rice paper, and then to 
transfer the decoration from the decorated paper to a food item. Such a process involves multiple 
processing steps and is not well suited for use with food items of all shapes and sizes. A need 
continues to exist for a food grade ink: jet ink formulations that can be printed directly onto the 
surfaces of a variety of food items to produce a high quality image using ink jet printing 
technology. 
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SUMMARY 

[0003] Food grade Inkjet inks for use in printing on edible substrates, methods for making the 
ink jet inks, and edible substrates having the Inkjet inks applied thereto are provided. The ink jet 
inks typically include food grade pigments, such as food grade lakes; a carrier which commonly 
includes food grade lower alcohol(s) and/or food grade glycol(s), such as 1,2-propanediol; and a 
resin component which may include shellac. The shellac can act as a dispersant and stabilizing 
agent for the inkjet ink. The food grade ink jet inks can have characteristics that render them 
suitable for printing directly onto a variety of edible substrates. In particular, the food grade ink 
jet inks may be suitable for printing with inkjet printers, including piezoelectric inkjet printers. 
As used herein, the phrase "food grade" means that up to specified amounts of the particular 
ingredient can be ingested by a human without generally causing deleterious health effects. 
Examples of suitable food grade ingredients include those colorants approved by the FDA for use 
in foods for human consumption and other ingredients which are "generally recognized as safe" 
("GRAS") by the United States Food and Drug Administration C*FDA"). In particular, food safe 
compounds include those compounds listed as approved under 21 CF.R. §§ 73, 74, 172, 182 and 
184. 

[0004] The inkjet inks may contain substantial amounts of food grade glycol, desirably 1,2- 
propanedioL In some embodiments, the inkjet inks include at least about 20 weight percent 
(wt.%). This includes embodiments where the inkjet inks include at least about 25 wt,% food 
grade glycol and further includes embodiments where the inkjet inks include at least about 30 
wt.% food grade glycol. For example, some of the inkjet ink formulations provided herein 
contain about 25 to 50 wt.% food grade glycol, e.g. formulations that contain about 30 to 45 
wt.% 1,2-propanediol and/or other food grade glycol. 

[0005] In addition to the food grade glycol, the inkjet inks typically also include at least one, 
and often a mixture of two or more food grade lower alcohols. Suitable food grade alcohols 
include butanol, ethanol and isopropanol. For example, some embodiments of the ink jet inks 
include butanol and other embodiments include a mixture of butanol and ethanol. The inkjet 
inks desirably, but not necessarily, include at least about 20 wt.% of one or more food grade 
lower alcohols. The ranges cited herein include any food grade alcohols and glycols that are 
introduced as a component of another additive, such as a shellac solution. 
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[0006] The food grade Inkjet inks may be prepared with a relatively low water content. For 
example, in some embodiments, the food grade ink jet inks may contain no more than about 5 
wt,% water. The food grade Inkjet inks may be free of, or substantially free of, water, e.g., 
having a water content of no more than about 1 wt,%. In these compositions, any water present 
may be due solely or partially to water absorbed from the air under humid conditions and/or 
water introduced as an impurity or minor component of one of the pigments or solvents that 
make up the Inkjet inks. It may be advantageous to limit the amount of water present in the ink 
jet inks because a high water content tends to decrease the viscosity of the fluids, rendering them 
less suitable for use in some printing applications, such as Inkjet printing applications where 
elevated jetting temperatures are used. In addition, a high water content may increase the drying 
time for the inks, making them undesirable for use on some non-porous edible substrates. 

[0007] Food grade pigments, including food grade lakes, are used to produced the Inkjet inks 
provided herein. As used herein, the term pigment denotes pigments which are dispersible in a 
liquid carrier such as food grade lower alcohols and/or food grade glycols, such as 1,2- 
propanediol, employed as solvents in the food grade Inkjet inks. The food grade pigments may 
be dispersible with or without the aid of a dispersing agent. A lake is a pigment formed by 
absorption of a dye on an insoluble particle base, such as alumina. The amount of dye associated 
with the base in a pigment may vary. For example, in some lakes, the dye is present in an 
amount of about 40 to 45 wt.%. Suitable lakes for use in the ink jet inks provided herein include, 
but are not limited to, lakes made from dyes such as FD&C Blue #1, FD&C Blue #2, FD&C 
Green #3, FD&C Red #2, FD&C Red #3, FD&C Red #40, FD&C Yellow #5, and FD&C Yellow 
#6. A description of these dyes may be found in 21 C.F.R., Part 74, pp. 326-363, April 1, 1995. 
Pigment lakes are well known and conmiercially available. For example, lakes made from each 
of the above-referenced food grade dyes are commercially available in powder form and as lake 
concentrates from Sensient Colors Inc. in St. Louis, Missouri. 

[0008] The pigments preferably have a particle size that is small enough to allow them to form 
inks that will jet through Inkjet print heads without clogging the heads and to form a stable ink 
formulation, as described in greater detail below. The pigments employed in the food grade ink 
jet inks typically have a mean particle size of no more than about 5 microns, desirably, no more 
than about 2 microns, and more desirably, no more than about 1 micron: For example, in some 
ink jet inks provided herein, pigments such as lakes, have mean particle sizes of between about 
0,01 and 2 microns, e.g. about 0.1 to 1.0 microns. Dispersions of the above-referenced lake 
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concentrates available from Sensient Colors Inc. provide pigments having mean particle sizes in 
these ranges. 

[0009] In a typical embodiment, the Inkjet inks may contain about 0.1 to 10 wt.% food grade 
pigment on a dry weight basis. This includes embodiments where the Inkjet inks contain about 
0.5 to 7.5 wt.% food grade pigment and further includes embodiments where the ink jet inks 
contain about 1 to 6 wt.% food grade pigment. For example, suitable inks may include about 1 to 
4 wt.% of one or more FD&C lakes. The lakes commonly include about 35 to 45 wt.% food 
grade dye (as a percentage of the total weight of the lake). 

[0010] In order to avoid corroding ink jet printer parts, it is desirable for the food grade ink jet 
inks to have a chloride ion content of no greater than about 0.01 wt.%, desirably no greater than 
about 0.005 wt.% and more desirably no more than about 0.003 wt.%. Some of the food grade 
Inkjet inks may have even lower chloride ion contents. For example, some of the food grade ink 
jet inks have a chloride ion content of no greater than 0.002 wt,%. This includes food grade ink 
jet inks having a chloride ion content of no more than about 0.001 wt.%, further includes food 
grade ink jet inks having a chloride ion content of no more than about 0.0005 wt.% and still 
further includes food grade Inkjet inks having a chloride ion content of no more than about 
0,0002 wt.%. Alternatively stated, in some instances, the inks will have a chloride ion content of 
no greater than 100 ppm, desirably no greater than 50 ppm, more desirably no greater than 30 
ppm, still more desirably no greater than 20 ppm, no greater than 10 ppm, no greater than 5 ppm 
or even no greater than 2 ppm. The food grade pigments are one possible source of chloride ions 
(in the form of sodium chloride) in the inks. For this reason, the use of food grade pigments, 
including food grade lakes, having a low chloride ion content may be advantageous. For 
example, in order to produce an ink with a chloride ion content of no more than about 100 ppm, 
the food grade pigment should have a chloride ion content of no more than about 1000 ppm if it 
is to be present in an amount of up to 10 wt.% in the ink. In some embodiments, the food grade 
pigment will have an even lower chloride ion content. This includes embodiments where the 
food grade pigment has a chloride ion content of no more than about 500 ppm, further includes 
embodiments where the food grade pigment has a chloride ion content of no more than about 250 
ppm, further includes embodiments where the food grade pigment has a chloride ion content of 
no more than about 200 ppm, further includes embodiments where the food grade pigment has a 
chloride ion content of no more than about 100 ppm, further includes embodiments where the 
food grade pigment has/a chloride ion content of no more than about 50 ppm, and still further 
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includes embodiments where the food grade pigment has a chloride ion content of no more than 
about 20 ppm. 

[0011] The chloride in a food grade lake may be derived from the lake substrate (e.g. alumina) 
or the dye used to make the lake. Accordingly, it may be desirable to reduce the chloride content 
of the lake by washing the lake in a suitable washing solvent and/or by employing a food grade 
dye with a low chloride content to make the lake. 

[0012] Because they are intended for use on edible substrates, the ink jet inks desirably include 
lakes made from high purity food grade dyes. For example, the food grade dyes used in the lakes 
may be at least about 85 wt.% pure. That is, the dyes may contain no more than about 15 wt.% 
contaminants and impurities, including moisture. In some instances, the food grade dyes from 
which the lakes are made are at least about 87 wt.% pure. Altematively, the purity of the dyes 
may be analyzed on a strictly dry weight basis, in which case the food grade dyes are desirably at 
least about 92 wt.% pure. In some embodiments the food grade dyes are at least about 95 wt.% 
pure when analyzed on a dry weight basis. This includes embodiments where the food grade 
dyes are at least about 98 wt.% pure when analyzed on a dry weight basis. 

[0013] In addition to the food grade pigment, food grade glycol and food grade lower alcohol, 
the ink jet inks include a shellac resin as a dispersant for the pigment particles. The amount of 
shellac solids present in the Inkjet ink may vary depending on the desired viscosity of the ink. 
Thus, in some embodiments, the ink jet ink comprises from about 5 to about 25 wt.% shellac 
solids. This includes embodiments where the ink comprises about 5 to 10 wt.% shellac solids 
and also includes embodiments where the ink comprises about 20 to 25 wt. % shellac soUds. As 
used herein, shellac refers to all forms of purified lac, the hardened resinous secretion of the 
insect Laccifer Lacca (Kerr) of the order Homopetra and the family Coccidae. Shellacs may be 
handmade, machine made, or bleached type. Bleached type shellacs may be refined bleached 
shellacs where the term "refined" indicates that the natural shellac wax has been removed. The 
major component of lac is a resin which upon mild hydrolysis gives a complex mixture of 
aliphatic and alicyclic hydroxy acids and their polyesters. Aleuritic acid is the major component 
of the aliphatic fraction and shelloic acid is the major component of the alicyclic firaction. 
Shellacs are commonly sold in the form of a confectioner's glaze where the shellac has been 
dissolved in a solvent carrier. Typically, the solvent includes an alcohol such as ethanol, butanol, 
or propanol and/or a glycol, such as 1,2-propanediol or ethylene glycol. Such solutions are 
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available with various shellac concentrations or "lb. cuts." A lb. cut indicates the pounds of lac 
resin dissolved per one gallon of solvent. Thus, for example, an 8 lb. cut of confectioner's glaze 
contains about 8 lbs. of shellac per gallon of solvent. In order to avoid corrosion of printer parts, 
it may be advantageous to use shellacs having a low chloride ion content. Shellacs and 
confectioner's glazes are well known and commercially available. For example, suitable 
commercially available shellacs include, but are not limited to, Mantrolac R-lOO Refined 
Bleached Shellac, 8 # White French Varnish M-4 and 6 # Refined Glaze in n-butyl alcohol from 
Mantrose, Bradshaw and Zinsser Group (Westport, CT). 

[0014] In order to produce food grade ink jet inks with low chloride ion contents, it is desirable 
to use a shellac having a low chloride ion content. For example, shellacs having a chloride ion 
content of no more than about 200 ppm may be used to prepare the food grade ink jet inks. This 
includes shellacs having a chloride ion content of no more than about 100 ppm, desirably no 
more than about 50 ppm and more desirably no more than about 20 ppm. When low chloride ion 
content inks are desired it may be advantageous to use non-bleached shellacs as these tend to 
have a lower chloride ion content than bleached shellacs, 

[0015] In addition to food grade pigments, food grade glycols, food grade lower alcohols and 
shellacs, the food grade ink jet inks may contain various food grade additives such as surface 
tension modifiers, thickening agents, antioxidants, preservatives, buffering agents, and/or 
antimicrobial agents. These additional additives are typically present in small quantities, for 
example no more than about 10 wt.% and commonly no more than about 5 wt.%. 

[0016] The ink jet inks desirably have properties that render them suitable for use as printing 
inks in various types of printers including Inkjet printers which utilize piezoelectric print heads. 
Viscosity is one property of the ink jet inks that may be controlled to produce inks suitable for 
Inkjet printing. If the viscosity of the ink jet inks is too great they will not jet properly. For this 
reason, the viscosity of the ink jet inks should generally be no more than about 100 centipoise 
(cps) at 25°C. More generally, it is typically desirable for the ink jet inks to have a viscosity of 
about 5 to 20 cps at the jetting temperature at which the printing is to take place. This includes 
embodiments where the Inkjet inks have a viscosity of about 8 to 14 cps at the jetting 
temperature at which the printing is to take place. In some embodiments, the Inkjet inks have a 
viscosity of 8 to 12 cps at the desired jetting temperature. Typical jetting temperatures may 
range from room temperature (about 25°C) to elevated temperatures of up to about 80°C or even 
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higher. Typical elevated jetting temperatures may range from about 50 to 70°C. For example, an 
Inkjet ink may have a viscosity of about 8 to 14 cps at a jetting temperature of 60°C. 
Alternatively, the ink jet inks may be formulated to have a viscosity of no more than about 75 cps 
at 25 ""C. For example, the ink jet inks may have a viscosity of no more than about 50 cps at 
25°C, This includes embodiments where the ink jet inks have a considerably lower viscosity at 
25°C. For example, in some embodiments, the Inkjet inks will have a viscosity of about 5 to 14 
cps at 25°C. In other embodiments, the viscosity will be much higher. For example, in some 
embodiments, the ink jet inks will have a viscosity of about 55 to 65 cps at 25°C. 

[0017] The food grade ink jet inks should have viscosity stabilities that allow a reasonable 
amount of storage time without significant sedimentation. The viscosity stability of the inks may 
be evaluated by measuring the constancy of viscosity over a period of time. The food grade inks 
provided herein desirably exhibit a change in viscosity at 25*^0 of no more than about 2 % after 
storage at 50°C over a period of at least 1 week. This includes embodiments where the food 
grade inks exhibit a change in viscosity at 25°C of no more than about 3 % after storage at 50°C 
over a period of at least 3 weeks and further includes embodiments where the food grade inks 
exhibit a change in viscosity at IS^'C of no more than about 4 % after storage at 50*^0 over a 
period of at least 7 weeks. For example, the inks may exhibit a change in viscosity at 25°C of no 
more than about 1.5 % after storage at 50°C over a period of at least 1 week, no more than about 
2.5 % after storage at 50°C over a period of at least 3 weeks and no more than about 3.5 % after 
storage at 50°C over a period of at least 7 weeks. 

[0018] The Inkjet inks will typically have surface tensions of about 20 to 60 dynes per 
centimeter (dynes/cm) at 25°C. This includes embodiments where the ink jet inks have surface 
tensions of about 25 to 50 dynes/cm at 25°C and further includes embodiments where the Inkjet 
inks have surface tensions of about 25 to 35 dynes/cm at 25°C. 

[0019] Once prepared, the food grade ink jet inks may be printed directly onto the surface of an 

edible substrate using conventional printing equipment such as Inkjet printers. Although the ink 

jet inks provided herein are well suited for printing onto nonporous edible substrates, they can 

also be used with porous edible substrates. Suitable edible substrates onto which the inks may be 

printed include, but are not limited to, chocolates, candies, breakfast bars, crackers, waffles, 

mints, fruit roll ups, chewing gimi, biscuits, cereal, taco shells, granola bars, rice cakes, cookies, 

pie crusts, cakes, including snack cakes, marshmallows, pasta, and bread products. 
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[0020] The ink jet inks are typically prepared in a two-step process. In a first step, an 
admixture which includes lower food grade alcohol (e.g., butanol), shellac solution (i.e., 
confectioner's glaze), food grade glycol (e.g., 1,2-propanediol), and food grade pigment (e.g., a 
food grade lake) is formed. The admixture is subjected to shear for a time sufficient to disperse 
the pigment. In a subsequent step, additional food grade lower alcohol (e.g., ethanol), shellac 
solution and food grade glycol (e.g. 1,2-propanediol) is mixed to form a diluent. The food grade 
lower alcohol and shellac solution in the diluent may be the same as or different from those in the 
pigment dispersion. The diluent is then mixed with the pigment dispersion in the proportions 
necessary to provide an ink jet ink having the desired pigment concentration. 



DETAILED DESCRIPTION 

[0021] Food grade ink jet inks are provided. The food grade ink jet inks, which contain at least 
one food grade pigment, at least one food grade glycol, at least one food grade lower alcohol, and 
at least one shellac, are useful for printing directly onto the surfaces of various edible substrates, 
especially nonporous edible substrates. As used herein, "food grade" means that up to specified 
amounts of the particular compounds can be ingested by a human without generally causing 
deleterious health effects. Therefore, in order to meet the standard of a "food grade" Inkjet ink, 
the Inkjet ink should be free or substantially free of compounds that generally cause deleterious 
health effects when ingested by a human. When such compounds are present, e.g., in trace 
amounts through contamination, those compounds should be present in amounts below those that 
would result in the deleterious health effects. 

[0022] The food grade Inkjet inks are well-suited for use with a variety of Inkjet piezo print 
heads. Examples of manufacturers from which the print heads may be obtained include Spectra, 
Xaar, Hitachi and PicoJet. 

[0023] Edible substrates onto which the ink jet inks have been applied are also provided. 
Examples of edible substrates onto which the Inkjet inks may be printed include, but are not 
limited to, chocolates, candies, breakfast bars, crackers, waffles, mints, fruit roll ups, chewing 
gum, biscuits, cereal, taco shells, granolabars, rice cakes, cookies, pie crusts, cakes, including 
snack cakes, marshmallows, pasta, and various bread products such as toast, buns, bagels, and 
tortillas. The ink jet inks provided herein are well suited for application to nonporous substrates. 
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[0024] The food grade glycol acts as a solvent and may account for a large part of the Inkjet 
ink. For example, the food grade glycol may account for at least about 20 wt.% of the ink jet ink. 
This includes embodiments where the food grade glycol accounts for at least about 25 wt.% of 
the Inkjet ink and further includes embodiments where the food grade glycol accounts for at least 
about 30 wt.% of the ink jet ink and still further includes embodiments where the food grade 
glycol accounts for at least about 35 wt.% of the ink jet ink. The food grade glycol is desirably 
1,2-propanedioL In one exemplary embodiment, the food grade Inkjet ink contains about 30 to 
45 wt.% 1,2-propanediol and about 25 to 65 wt.% food grade lower alcohol. 

[0025] One or more food grade lower alcohols may be present as co-solvents in the food grade 
ink jet inks. Suitable lower alcohols include ethanol, butanol, isopropanol, or mixtures thereof. 
In some embodiments, the Inkjet inks will include butanol as a co-solvent; In other 
embodiments, the Inkjet inks will include ethanol as a co-solvent. In still other embodiments, 
the Inkjet inks will include a mixture of butanol and ethanol as a co-solvent. Some formulations 
of the ink jet inks may contain at least about 20 wt.% food grade lower alcohol, at least about 25 
wt.% food grade lower alcohol or at least about 30 wt.% food grade lower alcohol. In some 
exemplary embodiments, the Inkjet inks contain at least about 5 wt.% butanol and/or at least 
about 15 wt,% ethanol. This includes embodiments that contain about 5 to 25 wt.% butanol and 
about 15 to 50 wt.% ethanol. 

[0026] Although water may also be present as a co-solvent, it is generally present only in small 
amounts. For example, in some embodiments, the Inkjet inks contain no more than about 5 
wt.% water. In other embodiments, the Inkjet inks are free of or are substantially free of water, 
e.g., contain no more than about 1 wt.% and desirably no more than about 0.5 wt.% water. 

[0027] The food grade pigments used to make the Inkjet inks may include any pigment that is 
dispersible in at least one of 1,2-propanediol, ethanol, butanol, or mixtures thereof. Examples of 
suitable pigments include, but are not limited to, lakes made with ED&C dyes (e.g., FD&C Blue 
#1, ED&C Blue #2, FD&C Green #3, ED&C Red #2, FD&C Red #3, FD&C Red #40, FD&C 
Yellow #5, and FD&C Yellow #6). These lakes generally have a dye content of about 35 to 45 
wt.% based on the total weight of the lake. Although the relative amount of the food grade 
pigments used in the food grade Inkjet inks may vary depending on the desired color, shade, and 
intensity of the ink, the food grade Inkjet inks will typically contain about 0.1 to 10 wt.% based 
on the dry weight basis of the food grade pigments. This includes embodiments where the ink jet 
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inks contain about 0.5 to 7.5 wt.% based on the dry weight basis of the food grade pigment and 
further includes embodiments where the ink jet inks contain about 0.5 to 6 wt.% based on the dry 
weight basis of the food grade pigment. For example, in some embodiments the ink jet inks may 
contain about 1 to 5,5 wt,% based on the dry weight of basis of the food grade pigments, 

[0028] Certain impurities in the food grade ink jet inks may tend to corrode printer parts and 
shorten printer lifetimes. Chloride ions are an example of one such impurity. Therefore, in order 
to avoid corroding ink jet printer parts, it is desirable for the food grade ink jet inks to have a 
chloride ion content of no greater than about 0.01 wt.%, desirably no greater than about 0,005 
wt% and more desirably no more than about 0.003 wt.%. Some of the food grade ink jet inks 
provided herein may have a chloride ion content of no greater than about 0.002 wt.%, no greater 
than about 0.001 wt.%, no greater than 0,0005 wt,%, or even no greater than about 0.0002 wt.%. 
Alternatively stated, in some instances, the inks will have a chloride ion content of no greater 
than 100 ppm and desirably no greater than 50 ppm or even no greater than 30 ppm. This 
includes food grade ink jet inks having a chloride ion content of no greater than about 20 ppm, no 
greater than about 10 ppm, no greater than about 5 ppm and no greater than about 2 ppm. Thus, 
as an illustrative example, some of the food grade pigments used to produce the food grade inks 
will have a chloride ion content of no more than about 1000 ppm. In some embodiments, the 
food grade pigment will have an even lower chloride ion content. This includes embodiments 
where the food grade pigment has a chloride ion content of no more than about 500 ppm and 
further includes embodiments where the food grade pigment has a chloride ion content of no 
more than about 250 ppm. Also included are food grade pigments having a chloride ion content 
of no more than about 200 ppm, no more than about 100 ppm, no more than about 50 ppm and no 
more than about 20 ppna. 

[0029] Sulfate ions are another example of impurities that may corrode printer parts. For this 
reason it may be desirable for the food grade Inkjet inks to have a sulfate ion content of no 
greater than about 0.01 wt,% and desirably no greater than about 0,005 wt.% (as sodium sulfate). 
Altematively stated, in some instances, the inks will have a sulfate ion content of no greater than 
100 ppm, desirably no greater than 50 ppm and more desirably no more than 30 ppm. In fact, 
some of the food grade ink jet inks provided herein have a sulfate ion content of no greater than 
10 ppm, no greater than about 5 ppm, or even no greater than about 1 ppm. Thus, as an 
illustrative example, some of the food grade pigments used to produce the food grade inks will 
have a sulfate. content of no more than about 1000 ppm. In some embodiments, the food grade 

-10- 



wo 2005/113693 



PCT/US2005/016171 



pigment will have an even lower sulfate content. This includes embodiments where the food 
grade pigment has a sulfate content of no more than about 500 ppm and further includes 
embodiments where the food grade pigment has a sulfate content of no more than about 250 
ppm. 

[0030] One way to assess the chloride and sulfate ion content of the lakes used to produce the 
Inkjet inks provided herein is to measure the conductivity of an aqueous solution containing the 
lakes. For example, powdered lakes may be slurried (e.g. via high shear mixing) to produce a 
solution of 5 wt,% lake in high purity water, where the high purity water itself has a conductivity 
of no more than 350 microSiemens/cm ((aS/cm). The aqueous phase in contact with the lakes in 
the resulting slurry will/desirably have a conductivity of no more than about 10,000 (|aS/cm), 
more desirably no more than about 5,000 (^iS/crn) and still more desirably no more than about 
2,000 (|LiS/cm). The conductivity may be measured using a conventional conductivity meter. 
One suitable method for pxmfying lakes to produce low chloride and/or sulfate content lakes is 
described in U.S. Patent No. 6,123,848, the entire disclosure of which is incorporated herein by 
reference. 

[0031] Shellacs are used as dispersants for the food grade pigments in the ink jet inks provided 
herein. The amount of shellac present in the ink jet inks may vary depending on the desired 
viscosity and/or the amount of pigment present in the formulation. Generally, however, the ink 
jet inks may contain at least about 2 wt.% shellac based on the amount of shellac solids. This 
includes Inkjet ink forriiulations that contain at least about 4 wt,% shellac and further includes 
Inkjet ink formulations that contain at least about 5 wt.% shellac. Typically the Inkjet inks may 
contain about 2 to 25 wt.% shellac. For example, in one embodiment of the Inkjet ink, shellac is 
present in an amount of about 5 to 10 wt.%. In other embodiments, however, shellac may be 
present in much higher amounts. For example, in one Inkjet ink formulation, shellac accounts 
for about 20 to 25 wt.% of the ink jet ink. 

[0032] Alternatively, the ratio of shellac soHds to pigment in the Inkjet ink may be used to 
characterize the ink. This ratio will affect the stability of inks made with the shellacs. Food 
grade Inkjet ink formulations may be provided having a weight ratio of shellac solids to pigment 
based on the dry weight of the pigment of about 0.8 to 5. In other higher viscosity ink 
formulations, the weight ratio of shellac solids to pigment based on the dry weight of the pigment 
in the ink formulation may be about 5 to 7. 
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[0033] The ratio of food grade glycol to shellac soUds in the ink formulation may also be used 
to characterize the inks. For example, food grade ink jet inks may be provided which have a 
weight ratio of food grade glycol (e.g., 1,2-propanediol) to shellac solids of at least about 1.5. 
This includes embodiments where the weight ratio of food grade glycol to shellac solids in the 
ink jet ink ranges from about L5 to 10, including embodiments where the weight ratio of food 
grade glycol to shellac solids is at least about 1.8, In many instances the weight ratio of food 
grade glycol to shellac solids is at least about 3. 

[0034] In addition to the food grade pigments, the food grade glycols, the food grade lower 
alcohols, and the shellacs, the food grade Inkjet inks may contain other food grade additives such 
as surface tension modifiers, thickening agents, antioxidants, preservatives, buffering agents, and 
antimicrobial agents. These additional additives will typically be present only in small 
quantities. For example, the additional food grade additives may be present in amounts of no 
more than 10 wt.%. This includes embodiments where the food grade additives are present in 
amounts of no more than 5 wt% and further includes embodiments where the food grade 
additives are present in amounts of no more than about 3 wt%. For some applications, it is 
desirable to exclude certain additives. For example, some food grade ink jet inks in accordance 
with this disclosure may be free of, or substantially free of, hydrocarbon solvents such as 
cyclohexane. Some of the food grade Inkjet inks are free of or substantially free of cellulosic 
resins and/or rosin resins. A food grade Inkjet ink is "substantially free of an additional food 
grade additive if the Inkjet ink contains no more than about 0,5 wt.% of the additional food grade 
additive. In some instances, the food grade Inkjet inks contain no more than about 0,2 wt.% of a 
given additive. In still other instances, the food grade Inkjet inks contain no more than about 0.1 
wt.% of a given additive. 

[0035] For Inkjet printing applications, it is generally desirable for the ink jet inks to have a 

viscosity of about 5 to 20 and more desirably 8 to 14 centipoise (cps) at the jetting temperature at 

which the printing is to take place. This includes embodiments where the Inkjet inks have a 

viscosity of 8 to 12 cps at the desired jetting temperature. Some Inkjet printers are designed to 

be operated at ambient temperatures (i.e., about 25°C). Other ink jet printers are designed for 

operation at elevated print head temperatures. For example, an Inkjet printer may operate at 

jetting temperatures ranging from about 50 to 70°C. Therefore, the formulation of the Inkjet 

inks, including the ratio of shellac to pigment, is desirably controlled to provide a suitable 

viscosity for the intended jetting temperature. For example, an Inkjet ink may be tailored to 
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have a viscosity of about 8 to 14 cps at a jetting temperature of 60°C. However, the viscosity of 
these ink jet inks may be significantly higher at ambient temperatures. For example, the Inkjet 
inks may have viscosities of up to about 75 cps or even up to about 100 cps at 25°C. This 
includes embodiments where the ink jet inks have viscosities of about 5-75 cps at 25^C, further 
includes embodiments where the Inkjet inks have a viscosity of about 3-14 cps at 25°C. 

[0036] The surface tension of the ink jet inks may vary over a relatively wide range provided it 
is suitable to allow the ink jet inks to be jetted through an Inkjet printing head and printed onto 
the surface of an edible substrate. In some embodiments, the ink jet inks will have surface 
tensions of about 20-60 dynes/cm at 25*^C. This includes embodiments where the ink jet inks 
have surface tensions of about 25-50 dynes/cm at 25°C and further includes embodiments where 
the ink jet inks have surface tensions of about 25-35 dynes/cm at 25°C. 

[0037] The pH values of the food grade ink jet inks are not critical. However, when lakes are 
present the pH of the ink jet inks should be low enough to prevent the dyes in the lakes from 
separating out. Thus, it may be advantageous to provide ink jet inks with an apparent pH of no 
more than about 6, and desirably no more than about 5.5, Generally, the Inkjet inks include, but 
are not limited to, those having an apparent pH in the range of about 4 to 6. Apparent pH values 
may be read directly from any suitable commercially available pH meter. Although these 
apparent pH values may neither be interpreted as an index of hydrogen ion potential, nor used in 
equilibrium computations, they are reproducible and useful for qualitative purposes. 

[0038] The food grade ink jet inks provided herein may be made using a two-step process. In a 
first step a pigment dispersion is formed and in a second step the pigment dispersion is combined 
with a diluent to provide an ink jet ink. Each of these steps is described in greater detail below 
and exemplified in Examples 1 and 2. 

[0039] The pigment dispersion may be made by admixing a food grade lower alcohol, a shellac 
solution, a food grade glycol and a food grade pigment and subjecting the admixture to shear for 
a time sufficient to disperse the pigment Typically the dispersing of the pigment will occur in a 
two-stage process. Initially a pre-mix is made by mixing the food grade alcohol, shellac solution 
and food grade glycol under high shear while gradually adding food grade pigment. This may be 
accomplished, for example, using a rotor-stator mixer. The resulting pre-mix is then added to a 
mill (e.g. a media mill) where further pigment dispersion and particle size reduction occurs. 
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Milling continues for a time sufficient to produce pigments having a small mean particle size in a 
stable dispersion. In some instances the miUing continues for no more than about 90 minutes. 
This includes embodiments where milling occxirs for about 40 to 70 minutes. The particle size of 
the pigments in the final dispersion is desirably no more than about 1 micron and more desirably 
no more than 500 nm (e.g., 150 to 500 nm). This includes dispersions having a mean particle 
size of about 150 to about 250 rnn. It has been foimd, however, that over-milling may produce 
particles that are too small in view of the amount shellac present, leading to gellation of the 
pigment dispersion and rendering the pigment dispersions unsuitable for use in Inkjet inks. 
Thus, the pigment dispersions provided herein are desirable free from or substantially j&ee from 
gellation. 

[0040] The amount of food grade lower alcohol in the pigment dispersion is desirably at least 
about 50 wt.% and the amount of food grade glycol in the pigment dispersion is desirably at least 
about 0.5 wt,%. The amoxmt of shellac solids in the pigment dispersion is desirably at least 5 
wt.% and the amount of food grade pigment in the pigment dispersion is desirably at least about 
5 wt.%. For example, the pigment dispersion may contain about 5 to 20 wt.% food grade 
pigment (e.g. FD&C lake) and/or about 5 to 15 wt.% shellac solids. The ratio of shellac solids to 
pigment in a typical pigment dispersion is desirably between about 0. 1 and 2. Some exemplary 
pigment dispersions will contain about 60 to 70 wt.% food grade lower alcohol (e.g. butanol), 
about 7,5 to 12.5 wt,% shellac solids, about 1 to 15 wt.% food grade glycol (e.g. 1,2-propanediol) 
and about 5 to 20 wt,% food grade pigment (e.g. FD&C lake). 

[0041] Although other food grade lower alcohols may be used, it has been discovered that 
butanol is particularly well-suited for use in forming the pigment dispersions provided herein. 

[0042] Once the pigment dispersion has been formed, it may be used to produce an ink by 
mixing it with a dilution composed of additional food grade lower alcohol, additional shellac 
solution and additional food grade glycol. This can be accomplished by adding the diluent to the 
pigment dispersion. In some food grade Inkjet ink formulations the amoimt of pigment 
dispersion txsed to formulate the ink is about 5 to 50 wt.%. This includes embodiments where the 
amoxmt of pigment dispersion used to formulate the ink is about 5 to 40 wt.% and further 
includes embodiments where the amoxmt of pigment dispersion used to formulate the ink is about 
10 to 35 wt,%. 
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[0043] The food grade lower alcohol in the diluent may be the same food grade lower alcohol 
used in the pigment dispersion. However, in some instances it may be desirable to use a different 
food grade alcohol in each of the two steps. Although other food grade lower alcohols may be 
used, it has been discovered that ethanol is particularly well-suited for use in the diluents. Thus, 
in some embodiments, the food grade ink jet inks will be made from a butanol-containing 
pigment dispersion and an ethanol-containing diluent. 

[0044] The following illustrative embodiments are intended to further exemplify the food grade 
Inkjet inks. These embodiments should be not interpreted as limiting the scope of the ink jet 
inks disclosed herein. 

EXAMPLES 

[0045] Exemplary embodiments of the present food grade ink jet inks are provided in the 
following examples. The following examples are presented to illustrate the Inkjet inks and 
methods for producing the ink jet inks to assist one of ordinary skill in making and using the 
same. 

Instrumentation and Measurements 

[0046] Examples 2 and 3 below provide examples of various food grade Inkjet inks. The 
formvdations (in wt.%) for the pigment dispersions from which the inks are made are provided in 
Table 1. The formulations (in wt.%) for the ink jet inks made from the pigment dispersions and 
several physical characteristics of the inks are provided in Table 2, The physical characteristics 
presented in Table 2 were measured as follows. Viscosity measurements were obtained using a 
Brookfield Programmable LVDV H ^ Digital Calculating Viscometer and a Brookfield DV HI 
Rheometer Model V3.3LV with ULA spindle manufactured by Brookfield Engineering 
Laboratories, Inc., Middleboro, MA. Surface tension measurements were made using the 
DuNuoy Ring tensiometer method. The DuNuoy Ring tensiometer (Fisher Model 20 manual 
DuNuoy Ring Tensiometer or CSC Model 70535) may be obtained from Fisher Scientific or 
CSC Scientific Co,, Faiirfax, Va or from companies such as Cole Palmer or VWR. The apparent 
pH values were read directly from an Orion Model 420 A electronic pH meter with an Orion PI- 
SS electrode, after calibrating the instrument with appropriate buffers and immersing the 
electrode into the Inkjet inks. Particle size measurements were detemained by Photon 
Correlation Spectroscopy using a Coulter N4 Plus Particle Size Analyzer (Beckman Coulter, 

-15- 



wo 2005/113693 



PCT/US2005/016171 



FuUerton, CA). Chloride content was measured with a Dionex DX-120 Ion Chromotographer 
(Dionex Corp., Sunnyvale, CA). 

Example 1 - Preparation of Pigment Dispersions 

[0047] This example describes a method for producing food grade Inkjet inks from food grade 
lakes, butanol or ethanol, 1,2-propanediol, and shellac. Five illustrative pigment dispersion 
formulations are provided in Table 1 which appears at the end of this disclosure. The pigment 
dispersions were prepared according to the following procedure. Butanol or ethanol, shellac 
solution, and 1,2-propanediol were mixed together in a high shear rotor-stator mixer (model 
HSM-IOOLC from Ross (Hauppauge, NY)) for five minutes at 1,500 to 2,000 rpm. FD&C Blue 
#1 aluminum lake or Carmine lake (9349 Carmine Lake available from Sensient Colors Inc. in 
St. Louis, Missouri) was then gradually added to the mixer and the speed was increased to 3,000 
- 3,500 rpm. The lake was added in portions close to the vortex of the mixture. Mixing was then 
continued for 20 to 25 minutes. The resulting pre-mix was then poured into a water cooled Mini- 
Eiger mill (model MINI 100-VSE-EXP). The speed of the mill was increased slowly from 0 to 
4,000 rpm over a period of about 5 minutes. Milling continued at a temperature of about 27 to 
29°C and the particle size was checked approximately every 30 minutes. The final mean particle 
size for the FD&C Blue #1 aluminum lake in the dispersions range from 150 to 250 nm with a 
standard deviation of about 15 to 55 nm. 

Example 2 - Preparation of Food Grade Ink jet Inks 

[0048] This example describes a method for producing food grade Inkjet inks from the 
pigment dispersions of Example 1, ethanol, shellac solution, and 1,2-propanediol. The Inkjet ink 
formulations were prepared according to the following procedure. The ethanol, shellac solution, 
and 1,2-propanediol were mixed for about 10 minutes in a conventional mixer. The resulting 
diluent was then added to a pigment dispersion from Example 1 at a rate of approximately 30 
ml/m while mixing. After all the diluent was added to the dispersion, mixing was continued for 
an additional 45 to 60 minutes. Finally, the ink formulation was filtered using a 2.3 \xm filter. 
The viscosity, pH, surface tension, and particle size for the ink formulations was then 
determined. The results of these measurements are presented in Table 2 which appears at the end 
of this disclosure. 
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Example 3 - Preparation of Food Grade Ink jet Inks 

[0049] This example describes a method for producing low chloride food grade ink jet inks 
from pigment dispersions having the same component ratios as pigment dispersions C, E, F and 
G of Example 1, ethanol, shellac solution, and 1,2-propanedioL The lakes used to make these 
inks are low chloride content lakes. The low chloride ink jet ink formulations, made in 
accordance with the procedure of Example 2, are provided in Table 3 (in weight percent) which 
appears at the end of this disclosure. 

[0050] The chloride content for each ink formulation was measured on a Dionex DX-120 Ion 
Chromatographer in accordance with the anion analysis procedure in the manufacturer's 
instructions. In order to avoid blockage of the ion chromatography lines, the ink samples were 
prepared as follows. About 15 grams of each ink and 15 grams of ion chromatography grade 
water was added to a 50 mL centrifuge tube. The samples were then vortexed for 5 minutes at 
2500 rpm then centrifuged for 15 minutes at 2500 rpm to separate the heavy particles. The 
samples were then run through the Dionex DX-120 Ion Chromatographer. The results for inks 
C3-F1, shown in Table 3, show that food grade ink jet inks may be made with a chloride ion 
content of significantly less than 100 ppm. The results for inks Gl and G2 show that food grade 
Inkjet inks may be made with a chloride ion content of significantly less than 20 ppm. Such inks 
are very attractive as food grade ink jet inks because they do not corrode printer parts. The low 
chloride ion content of inks Gl and G2 may be attributed to the use of a low chloride content 
pigment in the production of these inks. The lowering of the chloride ion content of ink G2 
compared to ink Gl reflects the use of a lower chloride content shellac in the ink formulation. 
The lowering of the chloride ion content of ink Fl compared to ink C3 reflects the use of a lower 
chloride content shellac in the ink formulation. 

Example 4 - Ink Jet Printing Food Grade Inks onto a Emit Roll-Up Substrate 

[0051] The food grade Inkjet inks from Table 2 were printed onto Betty Crocker fruit roU-ups 
using a Xaar piezo ink jet print head. The jetting temperature was room temperature (about 25 to 
27°C) and the jetting frequency was between about 3 and 6 kHz. 

Example 5 - Preparation of Pigment Dispersions and Inks Made Therefrom 

[0052] This example describes a method for producing food grade ink jet inks from food grade 
lakes, butanol and ethanol, 1,2-propanediol, and shellac. The formulations for the pigment 
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dispersions are provided in Table 4 and the formulations for the inks are provided in Table 5. 
The pigment dispersions and inks were prepared and their properties measured according to the 
procedures described in Examples 1-3 above. 



TABLE 4. 



Component 


Pigment 
Dispersion H 


Pigment 
Dispersion I 


Butanof 


56.7 


56.7 


6# Refined Glaze in Butanol"^ 


20,6 




6# Low Chloride Glaze in 
butanol^ 




20.6 


1,2-Propanediol 


5.4 


5.4 


FD&C Red #40 Aluminum Lake 


17.3 


17.3 



shellac. 

^ A 6 lb. cut confectioner's glaze available from Mantrose, Bradshaw and 
Zinsser Group (Westport, CT) containing about 50 wt.% shellac solids. 
This glaze has a chloride ion content of about 466 ppm. 
^ A 6 lb. cut confectioner's glaze containing approximately 45 wt.% 
non-bleached shellac solids in butanol. This glaze has a chloride ion 
content of about 144 ppm, 

TABLES, 



Component 


Ink HI 


Ink 11 


Ink 12 


Ethanol" 


25 


25 


20 


8# Esterified Shellac M-4° 


5 


5 


6.9 


1,2-Propanediol 


40 


40 


33.1 


Pigment Dispersion H 


30 






Pigment Dispersion I 




30 


40 










Chloride Content (ppm) 


12.2 


9.42 


9.02 


Viscosity at 25°C (cps) 


10 


10.3 


13.6 


Surface Tension at 25°C 
(dynes/cm) 


28.9 


28.8 


28.9 


Apparent pH 


4.03 


3.98 


4.17 


These numbers do no include adc 


itional ethanol introc 


uced with 



the shellac. 

^ An 8 lb. cut confectioner's glaze available from Mantrose, 
Bradshaw and Zinsser Group (Westport, CT) containing about 50 
wt.% shellac solids. 
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[0053] The results for inks H1-I2, shown in Table 5, show that food grade ink jet inks may be 
made with a chloride ion content of significantly less than 20 ppm. The lowering of the chloride 
ion content in ink II compared to ink HI reflects the use of a lower chloride content shellac in 
pigment dispersion I. The 6# glaze used in dispersion I contained approximately 45 wt.% shellac 
solids in butanol and had a chloride ion content of approximately 144 ppm. The 6# glaze used in 
dispersion H contained approximately 50 wt.% shellac solids in butanol and had a chloride ion 
content of approximately 466 ppm, 

[0054] These low chloride ion content inks are very attractive as food grade ink jet inks 
because they are much less corrosive to printer parts than higher chloride content inks. To 
illustrate this corrosion tests were performed on stainless steel coupons exposed to the inks. In 
these tests stainless steel coupons were immersed in inks HI and II for 72 hours. After 72 hours 
the coupons were inspected using scanning electron microscopy (SEM) at lOOOx scope 
magnification and 10 KV accelerating voltage. The resulting SEM images revealed no evidence 
of pitting or metal removal, 

[0055] The invention has been described with reference to various specific and illustrative 
embodiments. However, it should be understood that many variations and modifications may be 
made while remaining within the spirit and scope of the invention. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . A food grade ink comprising a food grade pigment; a food grade lower 
alcohol; at least about 20 wt.% 1,2-propanediol; and a shellac; 

wherein the food grade ink has a viscosity of no more than about 100 cps at 25°C. 

2. The ink of Claim 1 comprising at least about 30 wt,% 1,2-propanediol. 

3 . The ink of Claim 1 comprising at least about 20 wt.% food grade lower 

alcohol, 

4. The ink of Claim 1 wherein the food grade lower alcohol comprises 

butanoL 

5. The ink of Claim 4, further comprising ethanoL 

6. The ink of Claim 5 comprising at least about 5 wt.% butanol and at least 
about 15 wt.% ethanoL 

7. The ink of Claim 1 wherein the food grade pigment is a food grade lake. 

8. The ink of Claim 7 wherein the weight ratio of shellac to lake in the ink is 

9. The ink of Claim 7 wherein the weight ratio of shellac to lake in the ink is 

10. The ink of Claim 1 comprising at least about 1 wt.% food grade lake. 
1 L The ink of Claim 1 comprising about 5 to 10 wt.% shellac. 

12. The ink of Claim 1 comprising about 2 to 25 wt.% shellac. 

13. The ink of Claim 1 comprising about 30 to 45 wt.% 1,2-propanediol, about 
25 to 70 wt.% food grade lower alcohol, about 5 to 25 wt% shellac and about 1 to 5.5 wt.% food 
grade pigment. 
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14. The ink of Claim 1 comprising no more than about 5 wt.% water. 

15. The ink of Claim 1 wherein the ink has a viscosity of no more than about 

75 cps at 25^C. 

16. The ink of Claim 1 wherein the ink has a viscosity of no more than about 

15cpsat25^C. 

17. The mk of Claim 1 wherein the. ink has a surface tension of about 20 to 40 
dynes per cm at 25°C. 

18. An edible substrate having the food grade ink of Claim 1 applied to at least 
a portion of at least one substrate sxirface. 

19. The edible substrate of Claim 1 8 wherein the surface is a non-porous 

surface, 

20. The edible substrate of Claim 1 8 wherein the edible substrate is selected 
from the group consisting of chocolate, candies, breakfast bars, crackers, waffles, mints, firuit 
roU-ups, chewing gum, biscuits, cereal, taco shells, granola bars, rice cakes, cookies, pie crusts, 
cakes, including snack cakes, marshmallows, pasta, and bread products. 

21 . A method of applying a food grade ink to a surface pf an edible substrate, 
comprising Inkjet printing the ink of Claim 1 onto the surface. 

22. A food grade Inkjet ink comprising a food grade pigment; a food grade 
lower alcohol; 1,2-propanediol; and shellac; 

wherein the Inkjet ink has a viscosity of about 5 to 75 cps at 25°C, a surface 
tension of about 25 to 50 dynes/cm at 25°C and a chloride content of no niore than about 100 
ppm. 

23 . A food grade ink jet ink comprising a lake of a food grade, water-soluble 
colorant; a food grade alcohol comprising butanol; 1,2-propanediol; and shellac; 

wherein the Inkjet ink has a viscosity of about 5 to 75 cps at 25°C, a surface 
tension of about 25 to 5.0 dynes/cm at 25°C, and an apparent pH of no more than about 5.5. 
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24. The ink of Claim 23 comprising at least about 25 wt. % food grade lower 
alcohol comprising butanol and at least about 25 wt, % 1 ,2-propanediol, wherein the food grade 
lake has a mean particle size of no more than about 2 microns, 

25. A food grade Inkjet ink comprising about 1 to 10 wt. % of a lake of a food 
grade water soluble colorant, about 30 to 45 wt. % 1,2-propanediol, about 5 to 25 wt. % butanol, 
about 15 to 50 wt. % ethanol and at least about 5 wt. % shellac wherein the Inkjet ink has a 
viscosity of about 5 to 75 cps at 25°C, a surface tension of about 25 to 50 dynes/cm at 25''C, and 
an apparent pH of no more than about 5.5. 

26. The ink of Claim 25 comprising about 5 to 20 wt. % shellac, wherein the 
ink jet ink has a viscosity of about 5 to 1 5 cps at 25°C. 

27. A method of preparing a food grade ink jet ink comprising: 

(a) subjecting an admixture comprising food grade pigment, a first food grade 
lower alcohol, 1,2-propanediol and shellac to shear to form a pigment dispersion; and 

(b) mixing the pigment dispersion with a second food grade lower alcohol, 
additional 1,2-propanediol and additional shellac to form an ink jet ink. 

28. the method of Claim 27 wherein the food grade pigment is an FD&C 
Lake and the first food grade lower alcohol comprises butanoL 

29. The method of Claim 28 wherein the second food grade lower alcohol 
comprises ethanol. 

30. The method of Claim 27 wherein the first and second food grade lower 
alcohols are the same alcohol, 

3 1 . The method of Claun 27 wherein the admixture comprises about 60 to 70 
wt.% first food grade lower alcohol, about 5 to 15 wt.% shellac, about 1 to 15 wt.% 1,2- 
propanediol and about 5 to 20 wt.% lake of a food grade, water-soluble colorant. 

32. The method of Claim 3 1 wherein the first food grade lower alcohol 
comprises butanoL 
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33. The method of Claim 31 wherein the ink jet ink comprises about 30 to 45 
wt.% 1,2-propanediol, about 25 to 70 wt,% food grade lower alcohol, about 5 to 25 wt% shellac 
and about 1 to 10 wt.% lake of a food grade, water-soluble colorant. 

34. A food grade ink jet ink comprising a food grade lake; a food grade lower 
alcohol; 1,2-propanediol; and shellac; 

wherein the ink has a chloride ion content of no more than about 50 ppm and a 
viscosity of no more than about 100 cps at 25 °C. 

of Claim 34 wherein the ink has a chloride ion content of no more 

of Claim 34 wherein the ink has viscosity of about 5 to 15 cps at 

of Claim 34 having a surface tension of about 20 to 40 dynes per 

of Claim 34 comprising at least about 30 wt,% 1,2-propanediol. 
of Claim 34 wherein the food grade lower alcohol comprises 

of Claim 39, further comprising ethanol. 
of Claim 34 comprising at least about 1 wt.% food grade lake, 
of Claim 34 comprising about 5 to 10 wt.% shellac, 
of Claim 34 comprising no more than about 5 wt,% water, 
of Claim 34 wherein the ink has an apparent pH of no more than 

45. An edible substrate having the food grade ink of Claim 34 applied to at 
least a portion of at least one substrate surface. 



than about 20 



25°C. 



cm at 25°C. 



butanol. 



about 5.5. 



35. The ink 
ppm. 

36. The ink 

37. The ink 

38. The ink 

39. The ink 

40. The ink 

41. The ink 

42. The ink 

43. The ink 

44. The ink 
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